Lactic acid bacteria (LAB) were isolated from traditional koumiss and kurut samples and identification of these isolates revealed the presence of Lactobacillus fermentum, Enterococcus faecalis, Enterococcus durans, and Lactobacillus helveticus species. L. fermentum and L. helveticus strains were further tested for different characteristics. All tested strains produced heteropolymeric exopolysaccharides (EPS) with the presence of glucose and galactose as sugar monomers whereas three strains produced fructan type EPS as homopolymeric EPS. Important levels of antibacterial and antifungal activities were observed in these strains. All tested strains were sensitive to the antibiotics tested except streptomycin. Half of the tested strains showed important levels of survival ability under mimicking gastrointestinal conditions. ARTICLE HISTORY
Introduction
Consumption of traditional dairy products gained special interests recently due to their potential positive roles on human health which is generally linked to the lactic acid bacteria (LAB) species that are also starter or non-starter cultures having roles during manufacture of these products. Kurut and koumiss are examples of these type of products but until so far they have not found the enough interest worldwide but they are well known in Central Asia [1] as well as in Turkey. As a traditional fermented milk product, koumiss is mostly produced from mares' milk by spontaneous fermentation in which LAB and some yeast species play roles. [2] Kurut in which the term is coming from Turkish word meaning dried is produced by the drying of yogurt or Ayran which is produced in eastern parts of Turkey, in Turkic countries and Iran. [2, 3] Koumiss has a rich LAB profile mainly formed by Lactobacilli such as Lactobacillus acidophilus, Lactobacillus helveticus, Lactobacillus fermentum and Lactobacillus kefiranofaciens [4] whereas Lactobacillus, Leuconostoc and Pediococcus species can be presented in kurut. [5] Identification of new LAB strains from these dairy products is important in order to characterise new strains with different properties such as exopolysaccharide (EPS) production, antimicrobial, and antifungal activities as well as potential probiotic functions. LAB species are well known for EPS production that can be divided into two groups as homopolysaccharides and heteropolysaccharides structurally, which are composed of only one type of sugar monomer and two or more types of sugar monomers, respectively. EPS can play roles on both technological properties of the fermented dairy products and at strain levels. [6] Similarly, antimicrobial and antifungal functions of LAB species originating from traditional fermented products are of special interest in order to improve the safety status of these products as well as their shelf life. [7] Another important characteristic of these LAB strains is to survive under the harsh environment of GI tract, such as low pH, acid, bile, and gastric conditions and also these LAB species should have minimum level of antibiotic resistance in order to use these strains safely. [8] In this study, koumiss and kurut samples were collected from Kazakhstan and Kyrgyzstan, respectively and LAB species were isolated following the genotypic discrimination. Eight L. fermentum and a L. helveticus strains were further selected and analysed for EPS production characteristics in terms of production levels, structural determination by HPLC analysis, and determination of the eps genes by PCR analysis. Additionally, antimicrobial and antifungal activities of these strains were tested and important levels of inhibitory effects were observed. Finally, these strains were tested for their survival ability under harsh conditions as well as for their antibiotic resistance profiles. This study shows that testing LAB strains for different characteristics is crucial in order to find new strains with potential future applications.
Material and methods

Isolation of lactic acid bacteria from kurut and koumiss
Traditional koumiss samples (n = 4) were collected from a local market in Astana, Kazakhstan and kurut (n = 10) samples were brought from Kyrgyzstan. Samples were stored at 4°C and analysed within 48 h. For the isolation of LAB strains from koumiss samples, 10 ml of koumiss samples were taken aseptically and transferred to separate sterile bags followed by the preparation of serial dilutions. Aliquots of these dilutions were plated to MRS (de Man, Rogosa and Sharpe), BHI (Brain-heart infusion), and M17 agars and incubated at 37°C and 42°C for 48 h. Colonies with typical slimy characteristics were randomly selected from MRS, BHI, and M17 agar plates and tested for Gram stain, cell morphology, and catalase reaction. In order to isolate LAB strains from kurut samples, pasteurised milk was inoculated with 5% kurut samples and LAB strains were isolated following the incubation period (42°C 48 h) as described above. In total, 100 LAB isolates were further investigated for their genotypic characterisation. Stock solutions of LAB isolates were prepared in 20% (v/v) glycerol and stored at −80°C.
Genotypic characterisation and bacterial identification
For the discrimination of LAB strains isolated from kurut and koumiss samples at strain level, RAPD-PCR, and rep-PCR analysis were conducted as described previously. [9] After the selection of different LAB strains, 16S rRNA sequencing was applied to identify LAB strains as described previously. [9] The partial 16S sequences of the identified strains in this study were deposited in GenBank under accession numbers KY885191-KY885202.
Molecular detection of EPS genes in kurut and koumiss isolates
The EPS production characteristics of kurut and koumiss isolate at strain level of different species were determined and strains were selected for further screening of the eps genes. The target genes for the detection of the eps genes were gtf (glucansucrase), lev (levansucrase) and epsA (putative transcriptional regulator), epsB (putative polymerisation and chain length determination protein gene), and p-gtf (putative priming glycosyltransferase gene) representing genes required for the production of homopolymeric and heteropolymeric EPS, respectively and PCR conditions and primers used for the detection of the target genes were described elsewhere. [9] Isolation of EPS and determination of EPS production levels For the isolation of EPS, a previously described methodology was used [9] and kurut and koumiss isolates were grown in MRS medium. All strains were grown in 100 ml final volume, inoculated at 1% (v/v) with an overnight culture then incubated at 37°C for 2 d aerobically. For the isolation of EPS, the bacterial supernatants were collected after centrifugation at 6000 × g for 30 min at 4°C and an equal volume of chilled ethanol was added to the supernatants to precipitate EPS and stored at 4°C overnight. Samples were centrifuged at 10,000 × g for 30 min at 4°C and the pellets of the precipitates were retained. The samples were resuspended in H 2 O and EPS was recovered by precipitation upon the addition of two volumes of ethanol. After centrifugation at 10,000 × g for 30 min at 4°C, the resulting EPS was resuspended in distilled H 2 O followed by dialysis for 72 h at 4°C, with two changes of H 2 O per day. The contents of the dialysis tubing were freeze-dried to provide EPS. This was further purified by dissolving in 10% TCA and stirring overnight. The precipitated protein was removed by centrifugation at 10,000 × g for 15 min at 4°C. The pH of the supernatant was adjusted to 7 with 1 M NaOH and EPS was precipitated again with two volumes of chilled ethanol. The pellet was dissolved in distilled water and the EPS were then freeze-dried and the level of EPS production was determined by phenolsulphuric acid methodology. The freeze-dried EPS samples were also subjected to HPLC analysis.
Determination of EPS monosaccharide composition by HPLC
The monosaccharide composition of EPS produced by LAB strains was analysed by HPLC (Shimadzu) using an CARBOsep CHO-682 Pb Column and RID-10A refractive index detector with a mobile phase of H2O, flow rate 0.7 ml/min and column temperature of 25°C. Glucose, galactose, fructose, rhamnose were used as standard monosaccharides. The freeze-dried EPS were hydrolysed with 0.5 M H 2 SO4 at 95°C for 12 h followed by neutralisation with 4 M NaOH. The hydrolysates were filtered through a 0.45 μm pore size filter and the monosaccharide compositions were determined by HPLC as described above.
Determination of antibacterial and antifungal activities of LAB strains
The antibacterial activities of isolates were determined as described previously [10] against Salmonella typhimurium RSSK 95091, Escherichia coli BC 1402, Bacillus cereus BC 6830, Yersinia enterocolitica ATCC 27729, and Staphylococcus aureus ATCC 25923. For the determination of antifungal activities of the isolates, a previously described methodology was used [7] and antifungal activities were determined against Aspergillus niger, Penicillium chrysogenum, and Penicillium crustosum, respectively. [7] Survival of the isolates under simulated in vitro digestion For the determination of survival ability of the isolates under mimicking gastrointestinal conditions, a previously described methodology was used. [10] Briefly, strains were grown in MRS media overnight and harvested by centrifugation (4000 g for 10 min at 4°C). The harvested cells were then resuspended in PBS to obtain an OD 600 of~1.0 and cell counts were determined. To simulate gastric digestion, each sample was adjusted to pH 3.0 using 1 mol/L HCl, and pepsin (Sigma) was added to a final concentration of 5% (m/v). The mix was incubated at 37°C for 90 min with agitation at 110 r/min. To create intestinal digestion conditions, the sample was adjusted to pH 6.0 and solutions of pancreatin (Sigma) and bile salts at a final concentration of 0.1% and 0.3% (m/v), respectively, were added. Samples were incubated for 150 min at 37°C with agitation (110 r/min), and following the final incubation, cell counts were determined. An aliquot was serially diluted before and after digestion and then plated on MRS agar in triplicate. The plates were incubated at 37°C for 48 h. The survival percentage was calculated by comparing cell counts before and after digestion for each strain.
Antibiotic susceptibility
Resistance of LAB strains isolated from kurut and koumiss against several antibiotics including ampicillin (10 µg), chloramphenicol (30 µg), erythromycin (15 µg g), kanamycin (30 µg), tetracycline hydrochloride (30 µg), vancomycin (30 µg), gentamicin (10 µg), rifampicin (5 µg), carbenicillin (100 µg), amoxicillin (25 µg), oxacillin (1 µg), and streptomycin (10 µg) (Oxoid, UK) was determined using antibiotic disks. Each strain was activated in MRS broth, and 1% inoculum (McFarland standard) was added to MRS agar at 45°C-50°C and poured into plates. Then, antibiotic disks were placed at the centre of the medium and plates were incubated at 37°C for 24-48 h. The inhibition zones around the disks if present were measured and expressed in centimetres (cm).
Results and discussion
Kurut and koumiss are traditional dairy products produced in Central Asia for centuries and in this study LAB were isolated from traditional kurut and koumiss samples and some characteristics of these LAB were determined. In total, 100 isolates from koumiss and kurut samples were subjected to genotypic discrimination and distinct strains were identified. In kurut samples, LAB strains isolated in this study belonged to Lactobacillus fermentum, Enterococcus faecalis, and Enterococcus durans whereas L. fermentum together with a Lactobacillus helveticus and a Lysinibacillus spp. strain were isolated from koumiss ( Table 1 ). The presence of these strains in traditional dairy products including kurut and koumiss was previously shown [11] [12] [13] but in kurut samples Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus were shown to be dominant [11] but they were not presented in kurut samples analysed in this study which can be related with the origin of kurut samples. Similar to our findings, L. helveticus and L. fermentum were reported to be among the dominant LAB strains in traditional koumiss samples [4] although other LAB species were also reported for koumiss. [14] Following the identification of LAB isolates, we further tested eight L. fermentum and a L. helveticus strain isolated from these traditional dairy products in terms of EPS production, antimicrobial activities as well as survival under harsh conditions. Production of EPS is an important characteristic of dairy isolates in order to improve the physicochemical properties of dairy products including kurut and koumiss. Figure 1 shows the EPS production levels of these isolates and as can be seen all isolates except L. fermentum KR1 produced similar levels of EPS and this isolate produced significantly lower levels of EPS compared to the other tested strains. As EPS production is originated from the presence of homopolymeric and heteropolymeric eps genes, the presence of these genes were PCR screened ( Table 2 ). The glucansucrase/glycosyltransferase (gtf) gene responsible for homopolymeric type EPS production presented in all strains whereas levansucrase gene (lev) that is responsible for the production of fructan type of EPS were only presented in L. fermentum AS3, AS13 and L. helveticus strain. For the heteropolymeric EPS production, epsA which is the putative transcriptional regulator, L. fermentum AS1, AS3, AS13, and L. helveticus AS15 were positive whereas the putative chain length determination protein gene, epsB, presented in L. fermentum strains KR1, KR2 and KR8. Importantly all tested strains harboured the priming glycosyltransferase gene and gave a product of around 200 bp with the primer set previously designed for L. casei group [15] ( Table 2 ). The presence of these genes confirmed the genetic basis of EPS production in these strains. Previously L. fermentum strains were shown to harbour both homopolymeric gtf gene [16] as well as an eps gene cluster required for the biosynthesis of heteropolymeric EPS. [17] But generally L. helveticus strains are associated with heteropolymeric EPS production and previously a heteropolymeric eps gene cluster was identified in an another L. helveticus strain. [18] Table 2 also shows the sugar monomers and their relative ratios presented in the EPSs produced by the tested strains and generally koumiss and kurut isolates produced heteropolymeric EPS. All L. fermentum strains produced heteropolymeric EPS composed of glucose and galactose as the sugar monomers and these EPSs were galactose rich except strain KR2 in which equal levels of the monomers were observed. Strains KR8, AS1, and AS13 produced fructan type EPSs together with the heteropolymeric ones. Similarly, L. helveticus strain produced a heteropolymeric EPS (Table 2 ). Previous studies also revealed the fructan [19] and heteropolymeric EPS production [20] of other L. fermentum strains. Similarly, heteropolymeric EPS production was shown in other L. helveticus strain. [21] These results clearly show that EPS production in koumiss and kurut LAB strains is an important characteristic that these strains harbour which can affect the technological properties of these products.
As these dairy products especially kurut has an extended shelf-life we tested the antifungal and antibacterial activities of these strains against A. niger, P. chrysogenum, and P. crustosum (Table 3) . Our results revealed that the effect of LAB strains depended on the tested mould species. For instance, the positive strains against A. niger formed an inhibiton zone of 1-5 mm whereas this zone was observed to be 5-10 mm in P. crustosum and the highest level of activity was observed against P. chrysogenum strain (Table 3 ). Figure 2 shows representative images showing the antifungal Figure 1 . EPS production levels of selected LAB strains. Table 2 . Screening of genes involved in homopolymeric EPS (gtf and lev) and heteropolymeric EPS (epsA, epsB, p-gtf) production and monosaccharide composition of the EPSs produced by koumiss and kurut isolates and their relative levels.
Strains
Gtf Lev epsA epsB p-gtf Glu Gal Fru Lactobacillus fermentum KR1 +* -** -
* Presence of the related function, ** Absence of the related function, *** Relative presence of each monosaccharide activities of different L. fermentum strains in which different levels of antifungal activities can be visualised. These results were similar to the previous findings as LAB species were shown to be less effective against A. niger compared to the Penicillium strains [22] but controversial results were also observed. [7] But these results clearly showed that these strains can inhibit the fungal growth especially in kurut samples during long-term storage.
As kurut and koumiss produced under traditional conditions, antibacterial effects of LAB strains originated from these products are crucial. From this perspective, antibacterial effects of LAB strains were tested against E. coli BC 1402, Staph. aureus ATCC 25923, Bacillus cereus BC 6830, Y. Table 3 . Antibacterial and antifungal activities of koumiss and kurut isolates against tested pathogens and fungi. Strain E. coli B. cereus Staph. aureus S. typhimurium Y. enterocolitica A. niger P. chrysogenum P. crustosum
Results are expressed as diameters of the inhibition zone and standard deviations in mm. +++ inhibition zone 10 mm >, ++ inhibition zone 5-10 mm, + inhibition zone 1-5 mm, -: no inhibiton zone
enterocolitica ATCC 27729, and S. typhimurium RSSK 95091 (Table 3 ) and strain-specific inhibitory effects were observed. For instance, only L. fermentum AS1 and L. helveticus AS15 showed antibacterial effects to E. coli whereas five L. fermentum strains were inhibitory against Bacillus cereus. For Staph. aureus all strains except KR1 and KR8 showed inhibitory effects. The highest inhibitory effect was observed against S. typhimurium followed by Y. enterocolitica (Table 3) . These inhibitory roles potentially originate from the production of bacteriocin like substances as previous studies showed the bacteriocin production by other L. fermentum and L. helveticus strains [23, 24] and our future studies will focus on this issue.
Antibiotic resistance of microbial strains is a global threat and bacterial strains from traditional food can also be vehicles for the transfer for this resistance to other bacteria [25] and it is crucial to monitor bacterial strains used for food production for the presence of antibiotic resistance according to EFSA. [26] In this respect, the antibiotic resistance of kurut and koumiss isolate LAB strains were tested against eight different antibiotics ( Table 4 ). All strains were sensitive to the tested antibiotics ampicillin, carbenicillin, chloramphenicol, gentamicin, erythromycin, oxacillin, rifampicin, tetracycline, and vancomycin whereas all strains were resistant to streptomycin (Table 4) . Additionally, for kanamycin six out of eight L. fermentum strains were sensitive showing strain-specific properties playing role on antibiotic resistance. Our results are important as very low level of antibiotic resistance was observed. Previously a potential probiotic strain of L. fermentum ACA-DC 179 was tested for antibiotic resistance and similar to our findings this strain also showed high level of resistance to streptomycin but it was also resistant to vancomycin [27] which was not the case for our tested strains. Similarly, in a previous study tested the antibiotic resistance of L. fermentum strains, a high level of resistance to streptomycin was reported which was suggested to be related with the intrinsic traits of L. fermentum strains and in this study kanamycin was the one of the other antibiotics in which a high level of resistance in L. fermentum strains was observed [28] confirming our findings. Both streptomycin and kanamycin have high level of cut-off values in Lactobacilli as can be seen in EFSA report. [26] Streptomycin resistance was reported to be related with a chromosomal mutation in probiotic bacteria [29] and kanamycin resistance could be related with a chromosomal gene [30] and EFSA report [26] considers LAB strains with these types of antibiotic resistances as 'low potential for horizontal spread and generally may be used as a feed additive'. In summary, our findings revealed the low level of antibiotic resistance in koumiss and kurut isolates which improves their potential to be used as potential probiotics as well as for technological purposes.
Another important characteristic of LAB to be tested originated from traditional fermented foods is their survival ability during the GI tract passage. Table 5 shows the survival ability of koumiss and kurut isolates. The digestion survival rate of L. fermentum strains were altered between 24.1% and 48.8% (Table 5 ) suggesting that differences in strain-specific properties such as cell surface characteristics could be the reason for the survival differences among tested strains. Our findings revealed high level of survival ability of half of the tested L. fermentum strains which were in accordance with previous observations. [12, 23] Additionally, the survival rate of L. helveticus AS15 was 40.7% which was similar to the L. fermentum strains but previously another L. helveticus strain which was also a koumiss isolate showed higher levels of survival ability. [13] Nevertheless, these results showed the important levels of survival ability of L. fermentum and L. helveticus strains isolated from traditional koumiss and kurut samples.
Conclusion
In conclusion, different characteristics of L. fermentum and L. helveticus strains isolated from koumiss and kurut samples were determined. All strains produced heteropolymeric EPS containing glucose and galactose whereas three strains produced fructan type EPS together with the heteropolymeric one showing their potential technological functions. Important levels of antifungal and antibacterial activities were observed in these strains whereas antibiotic resistance among these isolates were very low except for streptomycin in L. fermentum strains. Finally, half of the tested strains showed important levels of survival ability suggesting potential probiotic functions of these strains. These findings clearly reveal that koumiss and kurut isolates have crucial technological properties and future studies will be required to determine their roles under in situ and in vivo environments.
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